Introduction
Exotic baryonic resonances in KN scattering have been found by phase shift analysis [1, 2, 3] . Evidence has also been claimed at CERN SPS for the existence of a narrow Ξ − π − baryon resonance with mass 1.862 ± 0.002 GeV at 4.0 σ [4] . This state would be an exotic baryon Ξ −− with isospin I = 3/2, hypercharge Y = −1 and a quark content ddssū. The original observation of a narrow exotic baryon resonance Θ + (with I = 0 and Y = 2 ) in two independent experiments [5] was confirmed [6] . Such discovery has motivated several attempts to study it as a uudds state [7] , [8] , [9] . The circumstance that the previous evidence in photoproduction for the Θ + [6] has been recently disproved [10] does not seem to be the last word. Recently, new results have became available, partly based on new data, confirming seeing the Θ + [11] ; the results of a new run, which should increase the statistics by 10, are expected at LEPS. The Nπ 1/2 + , I = 1/2, Y = 1 resonance with mass 1358 MeV discovered at BES [12] in the decay J/ψ → ppπ 0 and the P 11 (1860) and P 13 (1900) states found in the photoproduction on proton of KΛ and KΣ [13] are natural candidates for a pentaquark interpretation. Exotic baryons, consisting of 4q and aq have been studied [14] , at the times of bubble chambers, the best device to detect these particles.
In this paper, we evaluate their spectrum with the assumption that the mass splittings between the different states are due to the effect of the chromo-magnetic interaction; we also include the effect of SU(3) F flavour symmetry breaking. Such simple model has been proved remarkably successfully at describing the spectrum of the standard baryons [15] , which transform as the 56 representation of flavour-spin SU(6) F S [16] . The same approach has already been exploited to evaluate the spectrum of the positive and negative parity Y = 2 baryons [17] and the spectrum of the scalar mesons [18] . Here, we extend the analysis to the pentaquarks with one or more strange constituents, that is to Y < 2. As in [17] , we consider 4q in S and P wave, which give rise, together with theq in S-wave with respect to them, to negative and positive parity states, in the last case with an extension of the proposal of Jaffe and Wilckzek in [7] . We shall consider states exclusively of the type (4q)q. We shall call p this state and t the corresponding (4q) subsystem.
The chromo-magnetic interaction
The hyperfine interaction arising from one gluon exchange between constituents leads to a simple Hamiltonian involving the colour and spin degrees of freedom:
where the index i (j) refers to the ith (jth) quark, λ a are the 8 Gell-Mann matrices, σ k the Pauli matrices, m i the mass of the ith (anti)quark and K ij appropriate coupling constants; the sum above depends on the spatial relative configuration of quarks i and j, since one has to include only pairs which effectively interact with each other via the short range QCD interaction. It's natural to define the operators O (ij)
CM for the 2-body chromo-magnetic operators by
Quarks belong to the fundamental representation of SU(6) CS (6 CS ) and transform as (3 C , 2 S ) with respect to SU(3) C × SU(2) S , they are represented by a wave function ψ α p , while the antiquark χ α p trasforms in the conjugate rapresentation (3 C , 2 S ), with α the color index (α = 1, 2, 3) and p the spin index (p = 1, 2). Since the Hamiltonian involves only two body forces, we have just to consider the action of the chromo-magnetic operator on a specific quark pair ψ
ν l or a quark-antiquark pair ψ β q χ µ m that is displayed below: 
The action of H CM on the pentaquark states |Φ A (a complete set of states for assigned flavour and spin of the pentaquark) is readily obtained as follows. Since the |Φ A 's can be written as
where Θ α p, µ m is trilinear in ψ (3 , ψ (4) and the antiquark χ define
replacing ψ
µ m according to Eq.3. We get the new states |Φ
where 12) |A are the matrix elements of the operator O (12) between pentaquark states. The same reasoning applies to the operator O (i 5) forinteraction.
In the flavour symmetry limit (i.e. m i = m), the hyperfine interaction reduces to a term proportional to
which can be expressed in terms of the Casimir operators of SU(6) CS , SU(3) C and SU(2) S [14] denoted in the following by C 6 , C 3 and C 2 , respectively.
Pauli Principle and Flavour Content of Pentaquarks
The Pauli principle imposes the complete antisymmetry of the wave function of the quarks in the tetraquark. On the other hand, the requirement that the pentaquark is a colour singlet enforces the tetraquark wave function to transform as a 3 C . The only representations occuring in the direct product of four 6 CS 's, which contain a 3 C , are the 210 CS , 105 ′ CS , 105 CS and 15 CS of SU(6) CS . For all these representations there is a 3 C with S = 1 while a 3 C with S = 0 is present in 210 CS and 105', which contains also a 3 C with S = 2. For a symmetric spatial wave function, as fo the tetraquark in S-wave, the corresponding flavour wave functions must tranform congruentely in order to fulfill the Pauli principle and one gets straightforwardly the correspondence between the colour-spin and SU(3) F flavour contents
In the case the tetraquark subsystem be in P wave, we need to take into account, besides the flavour, also the spatial degrees of freedom. In that case we get the following correspondances [17] :
CS + 105 
Negative parity pentaquarks
By composing the S-wave t's with theq, one gets the following 1 C flavour spin multiplets:
27 F + 10 F , +8 F , S = 1/2 + 1/2 + 3/2 + 3/2 + 5/2 (17)
Let us construct explicitely the pentaquark states relevant for the calculation of the spectrum. Since we have at disposal only 3 flavours, at least 2 quarks must have identical flavour, say uu. The more general state would then correspond to the case the remaining pair differ in flavour from each other and from u, so we can denote it by ds. The uu pair must be symmetric, so it is a 6 F to be combined with a ds pair that can be a 6 F (symmetric under the exchange d ↔ s) or a 3 F (antisymmetric under the exchange d ↔ s). As 6 F ⊗ 6 F = 6 F + 15 So the states in this case can be classified according to the spin and flavour of the tetraquark. The more transparent way of getting the classification of the states is based on a well known argument concerning the tranformation properties of the tetraquark wave function under the group SU(6) F S ⊗ SU(3) C . Since the only occurring 3 C state is a 210 F S , whose decomposition under SU(3) F ⊗ SU(2) S is given by:
we readily get the 17 states below 1 :
1 When the two quarks in the second pair are equal, the3 and the 15 AF are absent. In the case one of the As a matter of fact, in order to operate with the chromo-magnetic Hamiltonian Eq.'s. (3,4) we need the explicit expression of the wave functions, which for the sake of completeness are given in Appendix A. Let's write explicitely the expression of m (S) for our conventional state uudsq
where S is a 17 × 17 matrix, which splits into 8 × 8, 7 × 7 and 2 × 2 matrices corresponding to spin 1/2, 3/2 and 5/2, respectively. The matrix elements of S between the states in Appendix A may be computed through the use of Eq.'s. (3, 4) and their values are reported in Appendix B. By an appropriate choice ofq and also with suitable change of the set uuds, one can apply Eq.(19) to any negative parity pentaquark. For instance, the I 3 = 1/2, Y = −3, J = 1/2 and 3/2 states have the quark content ssss andq.
The Flavour Symmetry Limit
As mentioned before, in the case we can disregard the breaking of SU(3) F , the hyperfine interaction Eq.(8) can be expressed in terms of a purely gruppal expression involving the quadratic Casimir operators.
A weaker, and more useful, limit is when all the quarks have the same constituent mass (we assume isospin invariance m u = m d ), while the antiquark may be a light or strange one, corresponding to the Y = +2 baryons (and some cases with Y ≤ 1). In that limit the mass of a negative parity pentaquark state is [17] :
two quarks, in the second pair, is equal to the ones in the first pair, no 3 and 6 F occur. If all quarks are the same, then only the 15 ′ F is present. 2 Our normalization for the Casimir operators, at difference with [14] , is the one, which takes the value n for the adjoint representation of SU (n).
K
S being the chromo-magnetic coupling constant forand(all in S-wave), m q the common quark mass and m q the antiquark mass. The above expression in (20) shows that the lightest states have large SU (6) From the spin content of the 3 C tetraquarks given before and from the tensor products:
the spin S = 5/2 and the isospin I = 1 of the D 15 state imply that the pentaquark is in the 540 CS with the respective tetraquark being in the 105
and C 2 (p) = C 2 (6) = 35/4, the chromomagnetic contribution to the D 15 mass turns out to be K
Similar reasonings hold for D 03 , the pentaquark state being in the 560 CS and the tetraquark in the 105 CS . The Casimir values involved in the calculation are C 2 (t) = 2, C 6 (t) = C 6 (105) = 32/3, C 6 (p) = C 6 (560) = 57/4 and C 2 (p) = C 2 (4) = 15/4. The observed mass difference
implies a larger value for the mass of the D 15 in agreement with experiment.
"Open door" channels for pentaquarks
It has been observed for the first time by Jaffe [19] that somemesons may decay into two ordinary mesons (PP, PV, VV) 3 by simple separation of the constituents: he called these channels "open door". Many years later a group theoretical criterium has been found [20] to give a necessary condition for a PP and PV channels to be "open door", according to SU (6 The contributions of the chromomagnetic interaction in the flavour symmetry limit are proportional to a combination of quadratic Casimir operators [14] and depend mostly on the SU(6) CS Casimir operator. Therefore the eigenstates of the mass spectrum belong to almost irreducible representations of SU (6) CS . This property is weakly affected by the breaking of SU(3) F . In particular, the lighter tetraquark meson scalar (or axial) states, which transform approximately as a singlet (or 35 CS ), have large "open door" amplitudes into PP (or VP) channels [18] .
These considerations can be extended to pentaquarks, as a consequence of the SU(6) CS transformation properties of the baryon 1/2 + octet and of the 3/2 + decuplet, respectively in the 70 CS and the 20 CS representations. Since the pseudoscalars are colour-spin singlets only pentaquarks with the same SU(6) CS transformation properties have "open door" amplitudes into a channel consisting of one of these baryons and a pseudoscalar meson [20] . This selection rule often coincide with the one proposed in [21] in analogy with the SU(6) F S selection rule found in [8] , but is more restrictive.
As seen in Eq. (9), for the negative parity pentaquarks there is a relation among SU(3) F and SU(6) CS transformation properties of the 4q. This relation implies, according to Eq. (20), larger masses for higher dimension SU(3) F representations, since they correspond to smaller SU(6) CS representations (more precisely with smaller quadratic Casimir) for the 4q, as a consequence of the sign of the chromo-magnetic contribution proportional to K S . This implies that the lightest J = S = 1/2 or 3/2 states will be those transforming as the 70 CS , J = S = 1/2 or the 20 CS , J = S = 3/2 representations. Therefore there is a correlation between smaller mass and large couplings to the final channels consisting of a baryon of the 56 of SU(6) F S and a pseudoscalar meson. For these negative parity pentaquarks we expect the "open door" channels above threshold to be difficult to detect for their broad width, as the long controversy about the f 0 has shown. Instead we expect the more likely detectable positive parity pentaquarks to be those with large couplings to the final states. In conclusion we expect P and D-wave resonances to have been already found. As long as for the positive parity pentaquarks with theq in P-wave with respect to the 4q, there are is no "open door" channel, since theq has no quark in S-wave to build a meson [14] . So we expect these states to be difficult to detect and for this reason we will not discuss them here.
Positive parity pentaquarks
Let us consider the pentaquark with positive parity with t in P -wave andq in S-wave with respect to t. In this case, the mass of the Y = 2 pentaquark state, that we indicate with m P , can be calculated considering the system as composed of a pair of diquarks with total orbital momentum L = 1 and the s [7] , whose chromo-magnetic interaction (with flavour independent coupling costant K (P ) ) with the quarks can be expressed in terms of Casimirs [17] . The spin orbit term, proportional to
1/m i L .S i , in the limit of equal masses depends only on the spin of the tetraquark S t and on the colour of the two diquarks. Besides the nude masses and kinetic energy (E kin ) contributions, we must add the mass defects for the diquark clusters ∆m (12)and ∆m (34)[17] , so obtaining :
where the upper indices (12) and (34) refer to the two diquarks. The mass defects ∆m (12)and ∆m (34)can be equally calculated in terms of Casimirs according to the relation below:
This contribution depends on the colour and spin of the pair of quarks q 1 q 2 and it is reported in Table 1 . It is assumed that the chromo-magnetic interaction concerns the quarks in S-wave
(6, 1) +1 Table 1 : Chromomagnetic splittings for 2q states in the same pair [7] and theq with both pairs. The interaction among components not in Swave is neglected; this is why the interaction among the two diquark pairs does not contribute to Eq.(24). We shall take for theinteraction in the pair the same coupling as in S-wave, i.e. K S and at difference from [17] , but as in [21] , for the quark antiquark coupling half of that of S-wave. Indeed the factor 1/2 is a consequence of the total antisymmetrization of the tetraquark wave function, which implies that the q has probability 1/2 to be in S-wave with either pair:
In our treatment we shall consider the tetraquark state as two diquark clusters , namely of quarks (q 1 q 2 ) and (q 3 q 4 ) of masses m 12 and m 34 respectively, orbiting about each other with L = 1, and interacting chromo-magnetically only with the antiquark, denoted with index 5. The spin-orbit term arises, as in electrodynamics, from the interaction of the quarks with the coloured current. It is proportional to the giro-chromomagnetic factor of the quarks in P wave as well to the product of their colour matrices : more precisely, if the representation 3 C of the 4q state is originated by the3 C ⊗3 C , or the 6 C ⊗3 C representation of the two diquark pairs, the coefficients will be in the ratio 2 : 5. Since the colour and spatial degrees of freedom are independent, the interaction should be typically proportional to L .S
We include also the short range chomo-magnetic interaction between quarks in the same cluster and neglect the mass defects in the kinetic energy and the spin orbit Hamiltonian as a higher order effect. So m (P ) = H 0 + H CM + H SO , with
(28)
where P is a 30×30 matrix, which splits into 15×15, 12×12 and 3×3 matrices corresponding to spin 1/2, 3/2 and 5/2, respectively. The matrix elements of P between the states in Appendix A may be computed through the use of Eq.'s (3, 4) and their values are reported in Appendix B.
As long for the spin orbit interaction, a 12 , a 34 , b 12 , b 34 are the appropriate kinematic factors
The total antisymmetry with respect to the exchange of the quarks, which are in the two S-wave pairs, and of the two pairs (which are in P-wave), fixes the SU(3) F quantum numbers of the pentaquarks. The SU(3) F breaking in the chromomagnetic interaction and in the spin-orbit term implies the mixing between different representations of SU(3) F .
As it was the case of the negative parity states, the qualitative form of the spectrum are shown in the symmetry limit: the lightest states will be the ones, where both the two diquarks transform as a 21 CS and the pentaquark as the smallest possible representation of SU(6) CS . From Eq.'s (10, 21, 22, 24) and the tensor products:
we deduce that the lightest Y = 2 state has J P = 1/2 + and I = 0 and may be identified with "open door" decay into a pseudoscalar meson and a baryon of the octet or the decuplet, respectively.
Comparison with data
To reproduce the masses of the four states 1/2 + mentioned at the end of the previous section, With these values, we get for the states mentioned at the end of the previous section the masses as a function of J P , Y, I: Instead of grouping the multiplets according to their SU(3) F transformation properties, we group the different I, Y multiplets in a hybrid way following the same principle used for the vector (ω, φ) states and related to the fact that states with or without hidden strangeness, which are components of the same SU(3) F multiplet, differ in mass by about 270Mev: we combine 4q in SU(3) F multiplets either withs or withū andd. For each SU(3) F reducible representation we report in Figures (1-8) the spectrum of at least one J P multiplet. There is evidence of two partners for the Z 1 (1/2 + , 1734) (see Fig.4 in Appendix D) and for one partner of the Z 0 (1/2 + , 1545) (see Fig.2 ) and of the Z 1 (3/2 + , 1789) (see Fig.6 ). The interpretation of the Roper resonance as a pentaquark was proposed in [7] . As long as for ∆K states, it is not easy to find them in KN reactions, since they have no common "open door" channel. The best way to find them should be in deep-inelastic reactions on strange partons, where the remainings with the three valence quarks and another light quark may form a Y = 2 state. We conclude that the actual knowledge about the spectrum of the pentaquarks is well consistent with the hypothesis that the chromo-magnetic interaction plays the main role in describing their mass splittings.
Conclusion
The experimental situation is up to now controversial, as shown from the disparition from P DG of the KN resonances in [1] , [2] and [3] , the oscillating evidence for Θ + and the Ξ −− found at CERN. Indeed a recent report [22] is rather negative on the existence of the Θ + and of the Ξ −− , as well as on the C = −1 pentaquark claimed in [23] . We show, anyway, that the spectrum of these states can be described in the framework of QCD, as it happened for ordinary hadrons [15] . Also the recent discoveries of the (1/2 + , Y = 1, I = 1/2)(1356) at BES [12] and of the ΛK and ΣK P 11 and P 13 resonances in photoproduction on proton [13] support the existence of pentaquarks with the spectrum well described in a constituent model, where the chromo-magnetic interaction and the spin orbit term, both expected within QCD, play the main role.
There is also an excess of I = 1/2, Y = 1 Nπ positive parity states beyond the 56, L = 2 in the partial wave analysis performed at BES [24] in J/ψ → ppπ 0 , which may interpreted as pentaquarks, in particular the P 11 (1710) and the P 13 (1900). There are many states up to now escaped to ebservation, but the evidence shown here encourages further experimental research, for which this work can be a useful source of suggestions where to look for pentaquarks. Table 5 : Pentaquark states. The first two quarks are indicated with ψ, the other two quarks with φ, the antiquark with χ; the Greek indexes refer to colour and the other ones to spin. In the first column, the group representations of SU(3) C and SU(2) S , named after their dimension d, are represented, for the first and the second pair of quarks, respectively. The total spin S q of the 4 quark state is also indicated. In the second column the pentaquark states are listed. The kets |i > have total spin S = S z = 1/2 for i ≤ 15, S = S z = 3/2 for 16 ≤ i ≤ 27, S = S z = 5/2 for i ≥ 28
A States
State tetraq F lavour & Spin Wave function tates for S = 1 2 |1, S = 1 2 3 F St = 0 +ǫ ABCD ǫ αβγ ǫ ij ǫ hk χ δ2 (+ψ A αh (u) ψ B βi (u) ψ C γj (d) ψ D δk (s) +ψ A αh (u) ψ B βi (d) ψ C γj (s) ψ D δk (u) + ψ A αh (u) ψ B βi (s) ψ C γj (u) ψ D δk (d))/96 |2, S = 1 2 15 A St = 0 +ǫ ABCD ǫ αβγ ǫ ij ǫ hk χ δ2 (+ψ A αh (s) ψ B βi (u) ψ C γj (d) ψ D δk (u) + ψ A αh (u) ψ B βi (u) ψ C γj (d) ψ D δk (s) −ψ A αh (d) ψ B βi (u) ψ C γj (s) ψ D δk (u) − ψ A αh (u) ψ B βi (u) ψ C γj (s) ψ D δk (d) +ψ A αh (u) ψ B βi (s) ψ C γj (d) ψ D δk (u) − ψ A αh (u) ψ B βi (d) ψ C γj (s) ψ D δk (u))/96/ √ 3 |3, S = 1 2 15 S St = 0 +ǫ ABCD ǫ αβγ ǫ ij ǫ hk χ δ2 (+ψ A αh (s) ψ B βi (u) ψ C γj (d) ψ D δk (u) + ψ A αh (u) ψ B βi (u) ψ C γj (d) ψ D δk (s) +ψ A αh (d) ψ B βi (u) ψ C γj (s) ψ D δk (u) + ψ A αh (u) ψ B βi (u) ψ C γj (s) ψ D δk (d))/48/ √ 6 |4, S = 1 2 3 F St = 1 +ǫ ABCD ǫ αβγ ǫ ij χ δh (+ψ A αh (u) ψ B βi (u) ψ C γj (d) ψ D δ1 (s) + ψ A αh (u) ψ B βi (d) ψ C γj (s) ψ D δ1 (u) +ψ A αh (u) ψ B βi (s) ψ C γj (u) ψ D δ1 (d) + ψ A α1 (u) ψ B βi (u) ψ C γj (d) ψ D δh (s) +ψ A α1 (u) ψ B βi (d) ψ C γj (s) ψ D δh (u) + ψ A α1 (u) ψ B βi (s) ψ C γj (u) ψ D δh (d))/96/ √ 3 |5, S = 1 2 15 A St = 1 +ǫ ABCD ǫ αβγ ǫ ij χ δh (+ψ A αh (s) ψ B βi (u) ψ C γj (d) ψ D δ1 (u) − ψ A αh (d) ψ B βi (u) ψ C γj (s) ψ D δ1 (u) +ψ A αh (u) ψ B βi (s) ψ C γj (d) ψ D δ1 (u) − ψ A αh (u) ψ B βi (d) ψ C γj (s) ψ D δ1 (u) +ψ A αh (u) ψ B βi (u) ψ C γj (d) ψ D δ1 (s) − ψ A αh (u) ψ B βi (u) ψ C γj (s) ψ D δ1 (d) +ψ A α1 (s) ψ B βi (u) ψ C γj (d) ψ D δh (u) − ψ A α1 (d) ψ B βi (u) ψ C γj (s) ψ D δh (u) +ψ A α1 (u) ψ B βi (s) ψ C γj (d) ψ D δh (u) − ψ A α1 (u) ψ B βi (d) ψ C γj (s) ψ D δh (u) +ψ A α1 (u) ψ B βi (u) ψ C γj (d) ψ D δh (s) − ψ A α1 (u) ψ B βi (u) ψ C γj (s) ψ D δh (d))/96/ √ 3 |6, S = 1 2 6 F St = 1 +ǫ ABCD ǫ αβγ ǫ ij χ δh (+ψ A αh (u) ψ B βi (u) ψ C γj (d) ψ D δ1 (s) + ψ A αh (u) ψ B βi (u) ψ C γj (s) ψ D δ1 (d) −ψ A αh (d) ψ B βi (u) ψ C γj (s) ψ D δ1 (u) − ψ A αh (s) ψ B βi (u) ψ C γj (d) ψ D δ1 (u) +ψ A α1 (u) ψ B βi (u) ψ C γj (d) ψ D δh (s) + ψ A α1 (u) ψ B βi (u) ψ C γj (s) ψ D δh (d) −ψ A α1 (d) ψ B βi (u) ψ C γj (s) ψ D δh (u) − ψ A α1 (s) ψ B βi (u) ψ C γj (d) ψ D δh (u))/144/ √ 2 |7, S = 1 2 15 S St = 1 +ǫ ABCD ǫ αβγ ǫ ij χ δh (+ψ A αh (s) ψ B βi (u) ψ C γj (d) ψ D δ1 (u) + ψ A αh (d) ψ B βi (u) ψ C γj (s) ψ D δ1 (u) +ψ A αh (u) ψ B βi (s) ψ C γj (d) ψ D δ1 (u) + ψ A αh (u) ψ B βi (d) ψ C γj (s) ψ D δ1 (u) +ψ A αh (u) ψ B βi (u) ψ C γj (d) ψ D δ1 (s) + ψ A αh (u) ψ B βi (u) ψ C γj (s) ψ D δ1 (d) +ψ A α1 (s) ψ B βi (u) ψ C γj (d) ψ D δh (u) + ψ A α1 (d) ψ B βi (u) ψ C γj (s) ψ D δh (u) +ψ A α1 (u) ψ B βi (s) ψ C γj (d) ψ D δh (u) + ψ A α1 (u) ψ B βi (d) ψ C γj (s) ψ D δh (u) +ψ A α1 (u) ψ B βi (u) ψ C γj (d) ψ D δh (s) + ψ A α1 (u) ψ B βi (u) ψ C γj (s) ψ D δh (d))/48/ √ 6 |8, S = 1 2 15 ′ F St = 1 +ǫ ABCD ǫ αβγ ǫ ij χ δh (+ψ A αh (d) ψ B β1 (s) ψ C γi (u) ψ D δj (u) + ψ A αh (s) ψ B β1 (d) ψ C γi (u) ψ D δj (u) +ψ A αh (d) ψ B β1 (u) ψ C γi (s) ψ D δj (u) + ψ A αh (s) ψ B β1 (u) ψ C γi (d) ψ D δj (u) +ψ A αh (d) ψ B β1 (u) ψ C γi (u) ψ D δj (s) + ψ A αh (s) ψ B β1 (u) ψ C γi (u) ψ D δj (d) +ψ A αh (u) ψ B β1 (d) ψ C γi (s) ψ D δj (u) + ψ A αh (u) ψ B β1 (s) ψ C γi (d) ψ D δj (u) +ψ A αh (u) ψ B β1 (d) ψ C γi (u) ψ D δj (s) + ψ A αh (u) ψ B β1 (s) ψ C γi (u) ψ D δj (d) +ψ A αh (u) ψ B β1 (u) ψ C γi (d) ψ D δj (s) + ψ A αh (u) ψ B β1 (u) ψ C γi (s) ψ D δj (d) +ψ A α1 (d) ψ B βh (s) ψ C γi (u) ψ D δj (u) + ψ A α1 (s) ψ B βh (d) ψ C γi (u) ψ D δj (u) +ψ A α1 (d) ψ B βh (u) ψ C γi (s) ψ D δj (u) + ψ A α1 (s) ψ B βh (u) ψ C γi (d) ψ D δj (u) +ψ A α1 (d) ψ B βh (u) ψ C γi (u) ψ D δj (s) + ψ A α1 (s) ψ B βh (u) ψ C γi (u) ψ D δj (d) +ψ A α1 (u) ψ B βh (d) ψ C γi (s) ψ D δj (u) + ψ A α1 (u) ψ B βh (s) ψ C γi (d) ψ D δj (u) +ψ A α1 (u) ψ B βh (d) ψ C γi (u) ψ D δj (s) + ψ A α1 (u) ψ B βh (s) ψ C γi (u) ψ D δj (d) +ψ A α1 (u) ψ B βh (u) ψ C γi (d) ψ D δj (s) + ψ A α1 (u) ψ B βh (u) ψ C γi (s) ψ D δj (d))/5763 F St = 1 +ǫ ABCD ǫ αβγ ǫ ij χ δ2 (+ψ A α1 (u) ψ B βi (u) ψ C γj (d) ψ D δ1 (s) +ψ A α1 (u) ψ B βi (d) ψ C γj (s) ψ D δ1 (u) + ψ A α1 (u) ψ B βi (s) ψ C γj (u) ψ D δ1 (d))/48/ √ 2 |2, S = 3 2 15 A St = 1 +ǫ ABCD ǫ αβγ ǫ ij χ δ2 (+ψ A α1 (s) ψ B βi (u) ψ C γj (d) ψ D δ1 (u) − ψ A α1 (d) ψ B βi (u) ψ C γj (s) ψ D δ1 (u) +ψ A α1 (u) ψ B βi (s) ψ C γj (d) ψ D δ1 (u) − ψ A α1 (u) ψ B βi (d) ψ C γj (s) ψ D δ1 (u) +ψ A α1 (u) ψ B βi (u) ψ C γj (d) ψ D δ1 (s) − ψ A α1 (u) ψ B βi (u) ψ C γj (s) ψ D δ1 (d))/48/ √ 2 |3, S = 3 2 15 A St = 2 +ǫ ABCD ǫ αβγ χ δh (+ψ A αh (u) ψ B β1 (u) ψ C γ1 (d) ψ D δ1 (s) + ψ A α1 (u) ψ B βh (u) ψ C γ1 (d) ψ D δ1 (s) +ψ A α1 (u) ψ B β1 (u) ψ C γh (d) ψ D δ1 (s) + ψ A α1 (u) ψ B β1 (u) ψ C γ1 (d) ψ D δh (s) −ψ A αh (u) ψ B β1 (u) ψ C γ1 (s) ψ D δ1 (d) − ψ A α1 (u) ψ B βh (u) ψ C γ1 (s) ψ D δ1 (d) −ψ A α1 (u) ψ B β1 (u) ψ C γh (s) ψ D δ1 (d) − ψ A α1 (u) ψ B β1 (u) ψ C γ1 (s) ψ D δh (d))/96/ √ 5 |4, S = 3 2 6 F St = 1 +ǫ ABCD ǫ αβγ ǫ ij χ δ2 (+ψ A α1 (u) ψ B βi (u) ψ C γj (d) ψ D δ1 (s) + ψ A α1 (u) ψ B βi (u) ψ C γj (s) ψ D δ1 (d) −ψ A α1 (d) ψ B βi (u) ψ C γj (s) ψ D δ1 (u) − ψ A α1 (s) ψ B βi (u) ψ C γj (d) ψ D δ1 (u))/48/ √ 3 |5, S = 3 2 15 S St = 1 +ǫ ABCD ǫ αβγ ǫ ij χ δ2 (+ψ A α1 (s) ψ B βi (u) ψ C γj (d) ψ D δ1 (u) + ψ A α1 (d) ψ B βi (u) ψ C γj (s) ψ D δ1 (u) +ψ A α1 (u) ψ B βi (s) ψ C γj (d) ψ D δ1 (u) + ψ A α1 (u) ψ B βi (d) ψ C γj (s) ψ D δ1 (u) +ψ A α1 (u) ψ B βi (u) ψ C γj (d) ψ D δ1 (s) + ψ A α1 (u) ψ B βi (u) ψ C γj (s) ψ D δ1 (d))/48 |6, S = 3 2 15 S St = 2 +ǫ ABCD ǫ αβγ χ δh (+ψ A αh (u) ψ B β1 (u) ψ C γ1 (d) ψ D δ1 (s) + ψ A α1 (u) ψ B βh (u) ψ C γ1 (d) ψ D δ1 (s) +ψ A α1 (u) ψ B β1 (u) ψ C γh (d) ψ D δ1 (s) + ψ A α1 (u) ψ B β1 (u) ψ C γ1 (d) ψ D δh (s) +ψ A αh (u) ψ B β1 (u) ψ C γ1 (s) ψ D δ1 (d) + ψ A α1 (u) ψ B βh (u) ψ C γ1 (s) ψ D δ1 (d) +ψ A α1 (u) ψ B β1 (u) ψ C γh (s) ψ D δ1 (d) + ψ A α1 (u) ψ B β1 (u) ψ C γ1 (s) ψ D δh (d))/48/ √ 10 |7, S = 3 2 15 ′ F St = 1 +ǫ ABCD ǫ αβγ ǫ ij χ δ2 (+ψ A α1 (d) ψ B β1 (s) ψ C γi (u) ψ D δj (u) + ψ A α1 (s) ψ B β1 (d) ψ C γi (u) ψ D δj (u) +ψ A α1 (d) ψ B β1 (u) ψ C γi (s) ψ D δj (u) + ψ A α1 (s) ψ B β1 (u) ψ C γi (d) ψ D δj (u) +ψ A α1 (d) ψ B β1 (u) ψ C γi (u) ψ D δj (s) + ψ A α1 (s) ψ B β1 (u) ψ C γi (u) ψ D δj (d) +ψ A α1 (u) ψ B β1 (d) ψ C γi (s) ψ D δj (u) + ψ A α1 (u) ψ B β1 (s) ψ C γi (d) ψ D δj (u) +ψ A α1 (u) ψ B β1 (d) ψ C γi (u) ψ D δj (s) + ψ A α1 (u) ψ B β1 (s) ψ C γi (u) ψ D δj (d) +ψ A α1 (u) ψ B β1 (u) ψ C γi (d) ψ D δj (s) + ψ A α1 (u) ψ B β1 (u) ψ C γi (s) ψ D δj (d))/96/ √ 615 S St = 2 +ǫ ABCD ǫ αβγ χ δ2 (+ψ A α1 (u) ψ B β1 (u) ψ C γ1 (d) ψ D δ1 (s) + ψ A α1 (u) ψ B β1 (u) ψ C γ1 (s) ψ D δ1 (d))/24/ √ 2 |2, S = 5 2 15 A St = 2 +ǫ ABCD ǫ αβγ χ δ2 (+ψ A α1 (u) ψ B β1 (u) ψ C γ1 (d) ψ D δ1 (s) − ψ A α1 (u) ψ B β1 (u) ψ C γ1 (s) ψ D δ1 (d))/48P = 5 2 − [(d C , d S )qq (d C , d S )qq] S States [(6, 3) (3, 1)] Sq=1 | 1 >= ε αβγ ε ij (ψ α1 ψηp + ψ η1 ψαp + ψαpψ η1 + ψηpψ α1 ) φ βi φ γj χ ηp [(3, 1) (6, 3)] Sq=1 | 2 >= ε αβγ ε ij ψ βi ψ γj (φ α1 φηp + φ η1 φαp + φαpφ η1 + φηpφ α1 ) χ ηp [(3, 1) (3, 1)] Sq=0 | 3 >= ε αβγ ε δǫρ ε ij ε hk ψ βi ψ γj φ ǫh φ ρk ε αδη χ η2 [(6, 1) (3, 1)] Sq=0 | 4 >= ε αβγ ε ij ε hk (ψ αh ψ ηk + ψ ηk ψ αh ) φ βi φ γj χ η2 [(3, 3) (3, 1)] Sq=1 | 5 >= ε αβγ ε ij (ψ α1 ψηp − ψ η1 ψαp + ψαpψ η1 − ψηpψ α1 ) φ βi φ γj χ ηp [(3, 3) (6, 3)] Sq=1 | 6 >= ε αβγ ε ijˆ( ψ β1 ψ γi + ψ βi ψ γ1 ) (φαpφ ηj + φηpφ αj + φ αj φηp + φ ηj φαp)+ +(ψ βp ψ γi + ψ βi ψγp) (φ α1 φ ηj + φ η1 φ αj + φ αj φ η1 + φ ηj φ α1 )˜χ ηp [(3, 3) (6, 3)] Sq=0 | 7 >= ε αβγ ε hk ε ijˆ( ψ βh ψ γi + ψ βi ψ γh ) (φ αk φ ηj + φ ηk φ αj + φ αj φ ηk + φ ηj φ αk )˜χ η 2 [(6, 3) (3, 3)] Sq=1 | 8 >= ε αβγ ε ijˆ( ψαpψ ηj + ψηpψ αj + ψ αj ψηp + ψ ηj ψαp) (φ β1 φ γi + φ βi φ γ1 )+ +(ψ α1 ψ ηj + ψ η1 ψ αj + ψ αj ψ η1 + ψ ηj ψ α1 ) (φ βp φ γi + φ βi φγp)˜χ ηp [(6, 3) (3, 3)] Sq=0 | 9 >= ε αβγ ε hk ε ijˆ( ψ αh ψ ηi + ψ ηh ψ αi + ψ αi ψ ηh + ψ ηi ψ αh ) (φ βk φ γj + φ βj φ γk )˜χ ηp [(3, 1) (6, 1)] Sq=0 | 10 >= ε αβγ ε ij ε hk ψ βi ψ γj (φ αh φ ηk + φ ηh φ αk ) χ η2 [(3, 1) (3, 3)] Sq=1 | 11 >= ε αβγ ε ij ψ βi ψ γj (φ α1 φηp − φ η1 φαp + φαpφ η1 − φηpφ α1 ) χ ηp [(6, 1) (3, 3)] Sq=1 | 12 >= ε αβγ ε ij (ψ αi ψ ηj + ψ ηi ψ αj ) (φ β1 φγp + φ βp φ γ1 ) χ ηp [(3, 3) (3, 3)] Sq=0 | 13 >= ε αβγ ε hk ε ijˆ( ψ βh ψ γi + ψ βi ψ γh ) (φ ηk φ αj − φ αk φ ηj + φ ηj φ αk − φ αj φ ηk )+˜χ η2 [(3, 3) (3, 3)] Sq=1 | 14 >= ε αβγ ε ijˆ( ψ β1 ψ γi + ψ βi ψ γ1 ) (φηp φ αj − φαp φ ηj + φ ηj φαp − φ αj φηp)+ +(ψ βp ψ γi + ψ βi ψγp) (φ η1 φ αj − φ α1 φ ηj + φ ηj φ α1 − φ αj φ η1 )˜χ ηp [(3, 3) (6, 1)] Sq=1 | 15 >= ε αβγ ε ij (ψ β1 ψγp + ψ βp ψ γ1 ) (φ ηi φ αj + φ αi φ ηj ) χ ηp [(3, 3) (3, 3)] Sq=2 | 16 >= ε αβγ [ψ β1 ψ γ1 (φ η1 φαp − φ α1 φηp + φηp φ α1 − φαp φ η1 )+ +(ψ β1 ψγp + ψ βp ψ γ1 ) (φ η1 φ α1 − φ α1 φ η1 )˜χ ηp [(3, 3) (3, 3)] Sq=1 | 17 >= ε αβγ ε ij (ψ β1 ψ γi + ψ βi ψ γ1 ) (φ η1 φ αj − φ αj φηp + φηp φ αj − φαp φ ηj )) χ η2 [(3, 3) (6, 1)] Sq=1 | 18 >= ε αβγ ε ij ψ β1 ψ γ1 (φ αi φ ηj + φ ηi φ αj ) χ η2 [(6, 1) (3, 3)] Sq=1 | 19 >= ε αβγ ε ij (ψ ηi ψ αj + ψ αi ψ ηj ) φ β1 φ γ1 χ η2 [(3, 1) (3, 3)] Sq=1 | 20 >= ε αβγ ε ij ψ βi ψ γj (φ α1 φ η1 − φ η1 φ α1 ) χ η2 [(6, 3) (3, 3)] Sq=2 | 21 >= ε αβγˆ( ψ α1 ψ η1 + ψ η1 ψ α1 ) (φ β1 φγp + φ βp φ γ1 )+ +(ψ α1 ψηp + ψ η1 ψαp + ψαpψ η1 + ψηpψ α1 ) φ β1 φ γ1˜χ ηp [(6, 3) (3, 3)] Sq=1 | 22 >= ε αβγ ε ij (ψ α1 ψ ηi + ψ η1 ψ αi + ψ αi ψ η1 + ψ ηi ψ α1 ) (φ β1 φ γj + φ βj φ γ1 ) χ ηj [(3, 3) (3, 1)] Sq=1 | 23 >= ε αβγ ε ij ψ β1 ψ γ1 (φ αi φ ηj − φ ηi φ αj ) χ η2 [(3, 3) (6, 3)] Sq=2 | 24 >= ε αβγˆψ β1 ψ γ1 (φ η1 φαp + φ α1 φηp + φηpφ α1 + φαpφ η1 )+ +(ψ β1 ψγp + ψ βp ψ γ1 ) (φ η1 φ α1 + φ α1 φ η1 )˜χ ηp [(3, 3) (6, 3)] Sq=1 | 25 >= ε αβγ ε ijˆ( ψ β1 ψ γi + ψ βi ψ γ1 ) (φ η1 φ αj + φ α1 φ ηj + φ ηj φ α1 + φ αj φ η1 ) χ ηp [(6, 3) (3, 1)] Sq=1 | 26 >= ε αβγ ε ij (ψ α1 ψ η1 + ψ η1 ψ α1 ) φ βi φ γj χ ηp [(3, 1) (6, 3)] Sq=1 | 27 >= ε αβγ ε ij ψ βi ψ γj (φ η1 φ α1 + φ α1 φ η1 ) χ η2 [(3, 3) (3, 3)] Sq=2 | 28 >= ε αβγ ψ β1 ψ γ1 (φ η1 φ α1 − φ α1 φ η1 ) χ η2 [(3, 3) (6, 3)] Sq=2 | 29 >= ε αβγ ψ β1 ψ γ1 (φ η1 φ α1 + φ α1 φ η1 ) χ η2 [(6, 3) (3, 3)] Sq=2 | 30 >= ε αβγ (ψ α1 ψ η1 + ψ η1 ψ α1 )φ β1 φ γ1 χ η2
B Matrix elements
The non vanishing matrix elements of the chromo-magnetic interaction for negative parity pentaquarks with J = 1/2, 3/2 and 5/2 where C q i q j = 
